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Optical coherence tomography (OCT) allows cross-
sectional in vivo imaging of intraretinal layers and
measures retinal nerve fiber layer (RNFL) thickness by
a noninvasive, noncontact, and transpupillary method
[1]. It uses interferometry to provide thickness meas-
urements, and is useful in the assessment of a variety
of ophthalmic conditions, including glaucoma, dia-
betic retinopathy, and macular edema [1–6]. Although
OCT can help in early diagnosis and follow-up of
glaucoma and histologic analysis of macular retinal
disease, the measuring variability among operators
cannot be neglected. A higher specificity and lower
variability by an experienced operator when using
OCT would lead the technique to be more reliable
with regard to the interpretation of thickness meas-
urements. The purpose of this study was to evaluate
interoperator reproducibility of peripapillary RNFL
and macular retinal thickness measurements using
OCT in healthy Taiwanese eyes.
PATIENTS AND METHODS
Normal subjects with healthy eyes were enrolled in
this prospective study. One randomly chosen eye
from each subject was scanned by three trained and
experienced operators, A, B, and C, on 3 separate
Received: February 15, 2006 Accepted: August 1, 2006
Address correspondence and reprint requests to: Dr Rong-
Kung Tsai, Department of Ophthalmology, Buddhist Tzu Chi
General Hospital, 707, Section 3, Chung Yang Road, Hualien,
Taiwan.
E-mail: wps59@yahoo.com.tw
REPRODUCIBILITY OF PERIPAPILLARY RETINAL
NERVE FIBER LAYER AND MACULAR RETINAL
THICKNESS MEASUREMENTS USING OPTICAL
COHERENCE TOMOGRAPHY
Sheng-Yao Hsu, I-Chen Tung, Min-Muh Sheu, and Rong-Kung Tsai
Department of Ophthalmology, Buddhist Tzu Chi Medical Center, Hualien, Taiwan.
We investigated the interoperator reproducibility of peripapillary retinal nerve fiber layer
(RNFL) and macular retinal thickness measurements using optical coherence tomography (OCT)
in healthy Taiwanese eyes. In this study, OCT-3 was used by three trained and experienced oper-
ators to measure peripapillary RNFL and macular retinal thickness in a randomly chosen single
eye from each normal subject. Mean thickness levels and the differences in thickness measure-
ments among the three operators were calculated and compared. The eyes of 39 subjects (24
females and 15 males) were enrolled. The mean age of the subjects was 30.4 ± 16.1 years (range,
11–46 years). The mean pupil diameter after pupillary dilation was 7.4 ± 0.6 mm (range, 6–9 mm).
Comparing peripapillary RNFL and macular retinal thickness measurements after pupillary dila-
tion, there were no significant differences in: superior, inferior, temporal, and nasal peripapillary
areas; 6 mm total macular volume and foveal thickness; and 1, 3 and 6 mm perifoveal areas
among the three operators. In this study, OCT thickness measurements showed good interopera-
tor reproducibility among three trained and experienced operators.
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days. The eye was dilated with tropicamide 1% and
phenylephrine 2.5% to achieve a minimum pupillary
diameter of 6 mm and to obtain the same dilated
pupil size in the same subject despite thickness meas-
urements on different days.
Each subject had a best-corrected visual acuity of
16/20 or better, refractive error within 2 diopters of
spherical equivalence, no diabetes, no other systemic
diseases, no prior surgical history, central corneal thick-
ness of 500–540 μm, intraocular pressure ≤ 20 mmHg
(by Goldmann applanation tonometry), a cup-disc
(C/D) ratio < 0.4, no asymmetry in C/D ratio between
fellow eyes > 0.2, no peripapillary atrophy (e.g. scleral
atrophy), and an intact neuroretinal rim without peri-
papillary hemorrhage, notches, localized pallor, or
nerve fiber layer defect. 
OCT (OCT-3; software version 4.0, OCT Model 3000,
Stratus OCT, Carl Zeiss Meditec, Dublin, CA, USA)
was performed using near-infrared, low-coherence
illumination (820 nm) with a high tissue resolution of
about 10 μm in a dark room. Three 360° circular scans
with a diameter of 3.4 mm centered on the optic disc
were performed. The peripapillary RNFL scan proto-
col consisted of three consecutive 360° circular scans
with a diameter of 3.4 mm, each of which had 256 
A-scans obtained in 0.64 seconds, taking a total time
of 1.92 seconds to acquire the entire set of scans. Mean
peripapillary RNFL thickness measurements after
pupillary dilation were calculated and the whole cir-
cle and four sectors were obtained. The superior sec-
tor was defined as the arc from 45° to 135° and the
inferior sector as from 225° to 315° in both eyes; the
temporal sector as from 135° to 225° and 315° to 45°,
and the nasal sector as from 315° to 45° and 135° to
225° in the right and left eyes, respectively. A grid was
centered on the perifoveal area and divided the mac-
ula into nine subfields. The radius of the innermost
circle corresponded to one-third of the disc size,
approximately 500 μm. The radius of the two outer
circles measured 1- and 2-disc diameters, respectively.
The macula scan protocol comprised six consecutive
6 mm radial line scans centered on the fovea, each con-
taining 128 A-scans taken in a single session of 1.92
seconds. Mean 6 mm total macular volume, foveal
thickness, and perifoveal retinal thickness measure-
ments after pupillary dilation were calculated.
Reproducibility was defined as consistency of
measurement during interoperator administration of
a test. Statistical analyses were performed using SPSS
software (SPSS Inc., Chicago, IL, USA). Analysis of
variance was used to compare the mean peripapil-
lary RNFL and macular retinal thickness measure-
ments among the three operators. A p value < 0.05
was considered to be statistically significant.
RESULTS
The healthy eyes of 39 normal Taiwanese subjects 
(24 females and 15 males) were examined. Their mean
age was 30.4 ± 16.1 years (range, 11–46 years). The
mean age for females and males was 31.2 ± 19.9 years
(range, 11–46 years) and 30.1±15.2 years (range, 13–44
years), respectively. Mean pupil diameter after dilation
was 7.4 ± 0.6 mm (range, 6–9 mm).
Mean RNFL thickness was 129.2 ± 18.2 μm for
superior, 145.9 ± 24.5 μm for inferior, 73.4 ± 15.7 μm
for temporal, and 85.3 ± 18.8 μm for nasal peripapil-
lary areas; mean 6 mm total macular volume was
6.6 ± 0.2 mm3 and mean foveal thickness was 171.4 ±
9.5 μm; mean retinal thickness was 192.4 ± 17.2 μm 
in 1 mm perifoveal, 252.3 ± 7.1 μm in 3 mm peri-
foveal, and 228.7 ± 10.1 μm in 6 mm perifoveal areas
as measured by operator A. 
Mean RNFL thickness was 135.1 ± 16.1 μm for
superior, 142.2 ± 21.1 μm for inferior, 77.1 ± 16.2 μm 
for temporal, and 76.9 ± 12.7 μm for nasal peripa-
pillary areas; mean 6 mm total macular volume was
6.6 ± 0.3 mm3 and mean foveal thickness was 168.4 ±
8.1 μm; and mean retinal thickness was 191.8 ±19.9 μm
in 1 mm perifoveal, 252.7±10.6μm in 3 mm perifoveal,
and 227.8 ± 10.6 μm in 6 mm perifoveal areas as meas-
ured by operator B. 
Mean RNFL thickness was 132.7 ± 17.6 μm for
superior, 143.6 ± 22.5 μm for inferior, 75.6 ± 16.0 μm
for temporal, and 81.1±16.7μm for nasal peripapillary
areas; mean 6 mm total macular volume was 6.6 ±
0.3 mm3 and mean foveal thickness was 169.7±8.6 μm;
and mean retinal thickness was 192.3±16.8μm in 1 mm
perifoveal, 252.0 ± 9.2 μm in perifoveal, and 228.2 ±
10.0 μm in 6 mm perifoveal areas as measured by
operator C. 
Comparing the thickness measurements among
the three operators, there were no significant differ-
ences in superior (p = 0.268), inferior (p = 0.822), tem-
poral (p = 0.533), and nasal (p = 0.198) peripapillary
areas; total macular volume (p = 0.874) and foveal
thickness (p = 0.933); nor in 1 mm (p = 0.988), 3 mm
Kaohsiung J Med Sci September 2006 • Vol 22 • No 9448
S.Y. Hsu, I.C. Tung, M.M. Sheu, and R.K. Tsai
Reproducibility of OCT measurements
Kaohsiung J Med Sci September 2006 • Vol 22 • No 9 449
(p = 0.986), and 6 mm (p = 0.922) perifoveal retinal
areas (Table).
DISCUSSION
OCT-3 is a diagnostic computerized technique used
for quantitative and objective in vivo investigation of
RNFL thickness [1]. Using OCT-3, each tissue plane
produces a reflection which results in a different and
measurable interference depending on the traversed
distance. When compared to ultrasound, such as 
B-scan, OCT-3 has the inherent advantage of being
able to obtain a significantly higher spatial resolution
by using a much shorter wavelength of light, and is
thus able to produce high-resolution cross-sectional
images of the retina [7]. The imaging technology
visualizes and measures anatomic layers of the retina
and assesses RNFL [1,8,9]. The images are produced
by scanning the optical beam in the transverse direc-
tion to produce a two- or three-dimensional image of 
tissue reflection and scattering [10].
Some authors reported the following foveal reti-
nal thickness values of the normal population after
pupillary dilation of 153 ± 15 μm [11], 147 ± 17 μm [3],
152 ± 21 μm [12], 154 ± 13 μm [13], 152 ± 17 μm [14], and
142 ± 18 μm [15]. Mok et al reported that the peri-
papillary RNFL measurements at the superior, infe-
rior, temporal, and nasal areas were 145 ± 24 μm, 154 ±
26 μm, 98 ± 32 μm, and 87 ± 16 μm, respectively [7].
Gürses-Özden et al presented reproducibility of thick-
ness measurements after pupillary dilation using OCT
[16]. They reported mean RNFL of 119.7 ± 23.9 μm,
121.5 ± 22.4 μm, 74.7 ± 15.1 μm, and 75.8 ± 23.9 μm in
the superior, inferior, temporal, and nasal peripapil-
lary areas, respectively, and mean total macular vol-
ume and foveal thickness of 7.2 ± 0.3 mm3 and 184.1 ±
25.7 μm, respectively, as measured by operator 1; and
mean RNFL of 127.9 ± 25.7 μm, 115.1 ± 21.2 μm, 78.3 ±
18.2 μm, and 70.0 ± 24.9 μm in superior, inferior, tem-
poral, and nasal peripapillary areas, respectively, and
mean total macular volume and foveal thickness 
of 7.2 ± 0.3 mm3 and 183.9 ± 23.8 μm, respectively, as
measured by operator 2. There was no significant dif-
ference in thickness measurements between operators
1 and 2, and interoperator reproducibility was high
while using OCT [16]. The differences among Mok 
et al’s, Gürses-Özden et al’s, and our data may be
related to race. However, the mean thickness measure-
ments were slightly different between Gürses-Özden
et al’s and our data and between Gürses-Özden et al’s
and Mok et al’s data. The key areas in peripapillary
RNFL thickness measurements are the superior and
inferior areas. In Gürses-Özden et al’s data, despite
there being no significant difference, the mean infe-
rior RNFL thickness was slightly larger than the supe-
rior thickness as measured by operator 1, and superior
thickness was larger than inferior thickness as meas-
ured by operator 2. Then, in Mok et al’s and our data,
the mean inferior RNFL thickness was larger than
superior thickness. We propose that a well-trained and
experienced operator is important when using OCT.
Our results showed that there were no significant
differences in thickness measurements in peripapillary
areas, total macular volume, foveal thickness, and
perifoveal areas after pupillary dilation among three
operators A, B, and C. Some opthalmologists suspected
the reproducibility of OCT. Our results demonstrated
Table. Thickness measurements*
After pupillary dilation Operator A Operator B Operator C p
Peripapillary areas (μm)
Superior 129.2 ± 18.2 135.1 ± 16.1 132.7 ± 17.6 0.268
Inferior 145.9 ± 24.5 142.2 ± 21.1 143.6 ± 22.5 0.822
Temporal 73.4 ± 15.7 77.1 ± 16.2 75.6 ± 16.0 0.533
Nasal 85.3 ± 18.8 76.9 ± 12.7 81.1 ± 16.7 0.198
Macular areas
Total macular volume (mm3) 6.6 ± 0.2 6.6 ± 0.3 6.6 ± 0.3 0.874
Foveal thickness (μm) 171.4 ± 9.5 168.4 ± 8.1 169.7 ± 8.6 0.933
1 mm (μm) 192.4 ± 17.2 191.8 ± 19.9 192.3 ± 16.8 0.988
3 mm (μm) 252.3 ± 7.1 252.7 ± 10.6 252.0 ± 9.2 0.986
6 mm (μm) 228.7 ± 10.1 227.8 ± 10.6 228.2 ± 10.0 0.922
*Data presented as mean ± standard deviation.
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good interoperator reproducibility among our three
trained and experienced operators using OCT in
healthy Taiwanese eyes. However, our study investi-
gated healthy eyes rather than patients’ eyes. Some
patients with poor cooperation or ocular diseases
find it hard to maintain visual fixation during OCT
measurement. In future, OCT reproducibility should
be tested among trained and experienced operators
in subjects with ocular diseases.
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